A Trial Simulation of Relativistic Jet Formation from Kerr-Newman Black Hole in Plasma by S. Koide
§ 18. A Trial Simulation of Relativistic Jet
Formation from Kerr-Newman Black
Hole in Plasma
Koide, S. (Toyama Univ. Eng.)
Relativistic jets are observed not only from the centers of
active galaxies and quasars but also in our galaxy.
Recently, it is confirmed that the most explosive
phenomena in the Universe, gamma-ray bursts, are also
explained by the high Lorentz factor (>100) relativistic
jets. All of these relativistic jets are thought to be formed
in the vicinity of the black hole. We have performed the
general relativistic magnetohydrodynamic (GRMHD)
simulations to investigate the formation mechanism. 1)
In this research, we tried to investigate the importance of
the closed magnetic field in the relativistic jet formation.
Here we use the magnetic field of electrically charged,
almost maximumly rotating (Kerr-Newman) black hole,
whose rotation parameter a is 0.99995, for the initial
condition. Figure 1a shows the initial magnetic field lines.
The initial momentum of the plasma is set to be zero
everywhere. Figure 1b shows the magnetic field lines and
the plasma flow velocity at t=9.7 'ts, where 'ts=c/rs, c is
(a)
light speed, rs is Schwarzschild radius of the black hole.
We found the outflow from the vicinity of the black hole,
whose maximum velocity is 0.7c. We also found the
shock front of the flow and the other flow in front of the
shock front. The latter outflow is accelerated by the
Lorentz force of the magnetic field, which initially
contains the electric current. The Lorentz force also plays
a dominant role in the shock formation. The Lorentz
force prevents the plasma falling toward the black hole
directly and the plasma near the black hole rushes to the
equatorial plain. Around the equatorial plain, the
compressed plasma and magnetic flux tube explosively
expand and the shock is formed. This result is dominated
by the initial current but not the frame-dragging effect of
the black hole and closed magnetic field, unfortunately.
To investigate the role of the closed magnetic field
around the rotating black hole in the relativistic jet
formation, we have to use the closed magnetic field with
small current or local current outside of the horizon, like
the magnetic field around ring current.
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Fig. 1 The magnetic field lines (solid lines) and plasma flow velocity (arrows) at t=0 (a) and t=9.7'ts (b). The black region
around the origin shows the inside of the black hole horizon.
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